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ABSTRACT 
Researchers now focus on the use of natural fiber polymer composites materials for packaging 
applications. This attention is due to their low cost and renewable characteristics. Fabrication of 
composites with the use of renewable resources has many benefits that include alternating from 
an appropriate management and reduction in industrial wastages, ecofriendly behaviour to cost 
effectiveness. The artificial fibers in packaging industries can be replaced by natural fibers in areas 
where stiffness and high strength are not the primary requirement. In the last decade, the use of 
natural fibers in the place of artificial fibers as reinforcements in epoxy resin matrix has been gaining 
momentum. In this work, different quantities of treated and untreated Moringa Oleifera pods fiber 
(MOPF) were reinforced in LV5012 Cashew nut shell liquid (CNSL) hardener with LY556 epoxy using 
the hand lay-up technique. Mechanical behaviour (tensile, flexural and impact), tribological and water 
absorption behaviour have been evaluated. The microstructural analysis of fabricated composites was 
done using a Scanning Electron Microscope (SEM) for the investigation of the internal fiber failure, 
cracks and interfacial failure from the fractured surfaces. Based on the results, treated MOPF polymer 
composites have found better mechanical, wear and water absorption properties compared with 
untreated MOPF polymer composites and they can be used for packaging applications.
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With the development of technology, global 
technical development depends on the resourceful 
utilization of existing and new materials. The novel 
exploitation of existing materials has paved the way 
for the synthesis of new materials which may be a 
combination of two or more components to gratify 
particular requirements. Enhanced combination of 
distinct materials comes under specific macroscopic 
properties termed as composite materials. One of 
the main advantages of using such composites is the 
high strength to weight ratio for specific properties. 
In additional, tailor-made ability, stiffness, tough-
ness, corrosion resistance, wear and chemical resis-
tance, reduced weight and cost, thermal and elec-
trical insulation or conductivity, high environmen-
tal degradation resistance and attractiveness are the 
main characteristic features of such composites [1]. 
Here the selection of both matrix and the reinforce-
ment is interdependent. The reinforcements in a 
composite material are broadly classified into fiber, 
particulate, flakes, whiskers, etc [2]. 
The fibrous form of reinforcement may be 
continuous or short chopped fibers. Particulate 
reinforcement is preferred, when there is need 
to increase the modules with decreased ductil-
ity. Load shared in case of particulate is larger. 
Flakes are small, thin piece of layer broken from 
a larger piece packed densely when laid parallel. 
Whiskers are single crystal fibers [3]. The charac-
terization of fibers mainly involves a comparison of 
fiber length to its cross sectional area. These fibers 
may be in the form of man-made filaments or from 
non-polymeric materials having the advantage of 
higher strength; or fibres from polymeric materi-
als where the orientation of the structure is respon-
sible for high strength and stiffness. Particulate 
fibers, on the other hand, may be spherical, cubic, 
and tetragonal or in any form of regular/irregu-
lar shape [4]. Particles, in general, have the ability 
to improve stiffness, whereas, the effect is limited 
when fracture resistance is taken into account. The 
advantages of using these fillers include improve-
ment in thermal, electrical conductivities, perfor-
mance at elevated temperatures, reduced friction, 
increased wear resistance, improved surface 
hardness, machinability and reduced shrinkage. 
Fibers, widely used in the fabrication of compos-
ites, may be natural or synthetic. These compos-
ite materials have a wide range of applications in 
aerospace, medical, industrial, infra structural 
units, electronic and automobile units etc. Azam 
Ali et al [5]. have provided a detailed account of the 
chemical treatment of various kinds in improving 
the properties of the composites.
Among the various fibers available, Moringa 
Oleifera pods fiber (MOPF) has advantages of 
richness in cellulose, inexpensive nature, availabil-
ity and its potential reinforcement of polymer matrix 
composites. The static, dynamic, thermal and mor-
phology analysis on Poly (Styrene-co-acrylonitrile) 
modified epoxy/glass fiber polymer composites has 
been investigated. Researchers have pointed out to 
thermoplastic modification as an effective way to 
improve the above mentioned properties of com-
posites [6]. Dhakal et al [7] report the influence 
of mechanical and water absorption behaviour of 
natural fiber (hemp) reinforced with unsaturated 
epoxy polymer composites. Resulting from the avail-
ability of voids and natural cellulose content. Shah 
et al [8]. investigated the moisture content increased 
with resin flow dynamics with respect to increas-
ing fibre volume fraction. Wang et al [9]. studied 
the moisture absorption in natural fibre plastic com-
posites. The study demonstrated the mechanisms on 
fiber loading. A study by Moigne et al [10]. shows 
the importance of fiber extraction and fiber size 
measurement. Mechanical parameters studies have 
been detailed by Wright et al, particularly on wear 
measurements for polymer composite matrices [11].
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In this research work, treated MOPF was 
compared with untreated MOPF in the polymer 
composites. The alkali of natural fibers was found 
to have good mechanical and wear properties when 
compared to untreated fibers. Hand layup technique 
with proper arrangement of matrix with minimum 
number of gaps and makes the composite in provid-
ing a higher strength to weight ratio. The tensile, 
flexural and the impact test results show the material 
having high mechanical properties. Hence, the 
researcher suggests a further use of the composite 
prepared for different packaging applications. The 
composite is eco-friendly and its fiber is a plant 
waste and is seen as to good useful product with 
many packaging applications (egg box, stuff box and 
drawstring bags). Hence the main aim of this paper 
is to produce an alternative product for the existing 
composites with an ecofriendly material like MOPF.
2.0 MATERIALS AND METHODS 
2.1 Materials
Moringa fiber purchased from a local market 
which was disposed of as waste. LY556 Epoxy and 
CSNL hardener which was purchased from Araldite, 
had the density of 1.6 g/cm3 and 0.99 g/cm3 respec-
tively. Chemicals used in the experiment were pur-
chased from Sigma Aldrich, India Pvt Ltd. All chemi-
cals were used as such without any further treatment.
2.2 Extraction of MOPF and Alkali Treatment
Moringa pods were pressed using two a roll mill 
to remove 90% of moisture content. The fibers were 
extracted with the use of sharp edge tool or hand extrac-
tion. The fibers were subjected to alkali treatment in 
order to remove oils, lignin, wax and pectin that protect 
the surface of the MOPF wall. One part of the MOPF 
was treated in 5% Sodium Hydroxide solution for 24 
hours followed by sun drying for two days to remove 
the moisture content in the fibers and the other part was 
kept without treating with Sodium Hydroxide.
2.3 Matrix Preparation
The matrix was prepared using epoxy with 
hardener with the weight ratio of 10:1 followed by 
through stirring. The matrix was laid into a prepared 
mould without the formation of air gap had which of 
three portions, namely, upper, lower and rectangular 
portion; where the mould was kept and dried at 150 ºC 
in the hot press to form a layer. The setup was kept 
undisturbed for 48 hours for curing. Addition of fiber 
made to the matrix at three different vol% as shown 
Figure 2: Alkali treatment of the extracted fibers
Figure 2: Alkali treatment of the extracted fibers
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in Table 1, untreated fiber were used for making a 
comparative study this conformed the possibility of 
using MOPF as a cost effective composite material. 
After curing, the specimen matrix was machined for 
required dimension for further testing. Repeatability 
was assured through the testing 5 number of samples 
in each composite fabricated. Deviation in the values 
was found to be smaller. This confirmed the property 
of using MOPF composites as cost effective materials.
2.4 Testing of the sample
2.4.1 Tensile Test
Tensile test is the measurement of the ability a 
material to withstand the force that tends to pull apart 
to an extent until the material breaks. The specimens 
were kept vertically with the use of a grip in the testing 
machine. The grip was tightened firmly to avoid any 
slippage the gauge length was kept at 50 mm with a 
universal testing machine for 6 different treated and 
untreated polymer composite materials in varying 
proportions. The tensile properties were analyzed 
through a stress strain graph for ultimate tensile 
strength, percentage of elongation, break load char-
acteristics of the tested MOPF polymer composites.
2.4.2 Flexural Test
A three point flexural load allows bending elastic-
ity of the composite material. The flexural test was con-
ducted in a UTM as per ASTM D790 standard. The 
three point bending test load acted at the center of the 
composite specimen, producing a specified ratio, and 
the bending strength of the specimen was recorded. 
The test was carried out at ambient temperature and at 
a relative humidity of 30% for all specimens. 
2.4.3 Impact Test
Impact energy constitutes the energy loss 
produced by the pendulum when a sample is intro-
duced. The impact (Charpy) test in this work was 
supported by simple beam was used for investiga-
tion on the grooved specimen. A standard rectangle 
impact test specimen having groove penetration of 
1.5 mm and a groove point radius of 0.02 mm at an 
angle of 45º were used.
Fig. 3: Preparation of Composite Matrix
Table 1: Fiber vol % used in composite fabrication
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2.4.4 Wear Test
Wear test was done using a pin on disc machine. 
The samples were attached to a sample holder 
against rotating wear disc of dia 40 mm × 8 mm 
thick. The test was preceded with a load of 10 N 
where the disc was allowed to rotate at about 160 
rpm under constant velocity of 1 m/s. Initial weight 
and the weight loss produced after wear test have 
been tabulated. The wear was determined by com-
paring the weights measured before and after the 
test of the specimen. The specific wear rate was cal-
culated using the equ (1).
Specific wear rate = Δm / ρFL  (1)
Where Δm stands for change in mass and ρ for 
the density, F for the normal force acting or the load 
acting and L is the distance travelled or slides.
2.4.5 Water Absorption Test
Water absorption test was conducted using 6 
different samples each initially heated to 60 ºC for 
24 hours followed by cooling to room temperature. 
This protocol was adopted for obtaining a constant 
weight of the specimens. The samples were immersed 
in deionized water for 24 hours until saturation was 
reached and weighed. The process of weighment of 
the specimen for 20 days. The difference in weight 
between dried sample (Wdry) and the sample after 
water immersion (Wwet) was obtained as equ (2).
3.0 RESULTS AND DISCUSSION
3.1 Tensile Strength
Figure 5 (a-b) depicts the tensile test for the 
prepared composites. The ultimate tensile strength 
value is given in the Table 2 showing a maximum 
of 16.40 MPa was achieved for 30 vol % of polymer 
fiber matrix. This was due to a proper layup of 
chopped fiber with the prepared matrix in a suitable 
combination. Tensile strength examines the capa-
bility of the fabricated composite with differ-
ent volume fractions. The tensile load effects in 
chemical stability of the treated fiber and toughness 
of the fiber. The outstanding fiber distribution with 
resin mixture and tough interfacial interactions in 
the fiber and resin could effectively decrease the 
stress concentration under a tensile test. There was 
a marked increase in the tensile strength of the fiber 
with a higher volume fraction due to the unfilled 
gaps between the matrix and untreated portions of 
the fiber. Alkali treatment showed improvement 
in the adhesive characteristics of the jute surface 
through removal of natural and artificial impuri-
ties covering the external surface of the fiber. This 
provided a rough surface topography to the fiber. 
The alkali treatment is behaved to have provided 
enhances of interlaminar shear strength as a result 
of the mechanical interlocking [12-13].
Fig 5: (a-b) chemical treated and untreated tensile 
test samples
a) Chemical treated b) Untreated
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Table 2: Tensile Properties of the Composites


















1 Treated 10 198 1414.55 2 0.93 7.142
2 Treated 20 198 2603.61 2 1.07 13.145
3 Treated 30 297 4870.21 3.88 1.43 16.402
4 Untreated 10 297 830.1 1 0.41 2.796
5 Untreated 20 297 296.4 2.35 0.95 10.085
6 Untreated 30 198 2648.1 2 0.86 13.371
Table 3: Flexural Properties of the Composites












1 Treated 10 108.00 229.564 33.47
2 Treated 20 108.00 293.564 42.81
3 Treated 30 108.00 418.661 61.05
4 Untreated 10 108.00 161.551 23.560
5 Untreated 20 108.00 144.040 21.0
6 Untreated 30 108.00 227.357 33.15
Fig 6: Tensile strength comparison of Treated and Untreated composite materials
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3.2 Flexural Test
Figure 7 (a-b) depicts the flexural test samples 
from the prepared composites. The results for the 
flexural behaviour for the treated and untreated 
samples are given in the Table 3. The flexural 
strength of the treated fiber composite with 30 wt% 
was found to be 169.83 MPa. The composite with 
untreated fiber of 30 wt% was found to be 155.82 
MPa. This shows in case of treated MOPF polymer 
composite there is an increases the flexural strength 
by 11.3% than untreated MOPF composite. The 
treated fibers showed increased flexural strength 
upon MOPF addition. Similarly Yoldas [14], has 
pointed out to the O2 plasma treatment of jute fibers 
using radio frequency plasma system in the place 
of low frequency plasma system keep attainment 
of a greater improvement in interfacial between 
the fiber surface and polyester. This explains the 
adhesion between fiber and matrix increase as due 
to increased surface roughness. 3.3 Impact Test
Figure 9 (a-b) depicts the impact test for the 
prepared composites. The impact (Charpy) strength 
of MOPF fiber shows the interlaminar and inter facial 
bonding in the middle of the reinforcement and matrix 
(Table 4). The effect of varying ratio MOPF fiber to 
epoxy has micro cracks and significantly produced 
voids which caused a decrease in composite in strength 
and causing a break in the composites when absorbed 
on a high impact. This tendency was due to higher 
voids present in the material. The fracture toughness 
of the composite was slightly higher for the treated 
fiber of 20 vol % was found to be 0.90 J. For untreated 
fiber, 30 vol %, the impact value was found to be 0.75 
J. Yuan et al. have also reported the increased surface 
roughness in natural fibers after plasma treatment 
leading to higher interfacial contact, possibly better 
mechanical interlocking and better viscoelastic dissi-
pation at the interface [15].
Fig 8: Flexural strength comparison of Treated and 
Untreated composite materials
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1 Treated 10 108.00 0.65
2 Treated 20 108.00 0.78
3 Treated 30 108.00 0.85
4 Untreated 10 108.00 0.50
5 Untreated 20 108.00 0.68
6 Untreated 30 108.00 0.76
Table 4: Impact Test Results of the Composites
Fig 8: Impact strength comparison of Treated and 
Untreated composite materials
3.4 Wear Test
Figure 4 (a-b) depicts the wear test for the 
prepared composites. Details of wear rate and fric-
tional co efficient of polymer composite are given 
in the Table 5. It can be generally described as the 
removal of material from its surface by motion of 
a tool towards its surface. In Polymer matrix com-
posite, the wear mechanism is due to particulate 
reinforcement in matrix. Wear mechanism was 
done in composite materials was done by plastic 
deformation. From the table 1, it was observed that 
the specimen 1 of treated fiber with load of 10N 
and frictional force of dry sliding wear produced 
a specific wear rate of 12.44 mm3/Nm and the 
frictional coefficient was found to be 0.95. In case 
of specimen 4 untreated fiber, the specific wear rate 
of 10.094 mm3/Nm with frictional coefficient of 0.9 
was observed. Chandra Rao et al also reported that 
the treated fiber gives the best wear resistance. As 
the percentage of treated and untreated coir fiber 
increases the wear resistance also increases [16].
3.5 Water Absorption Test
The specimens were initially weighed and tab-
ulated before the water adsorption test was experi-
mented with initial soaking of resin and hardener in 
water for about 24 hours. Table 5, leads to the observa-
tion of the initial weight before absorption of the resin 
a) Chemical treated b) Untreated
Fig 9: (a-b) Chemical treated and Untreated 
Impact test samples
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a) Chemical treated wear test sample b) Untreated wear test sample
Fig 4. (a-b) chemical treated and untreated wear test samples
Table 5: Wear Properties of the Composites







1 Treated 10 4.5 10.097 0.9
2 Treated 10 8.1 7.044 0.81
3 Treated 10 11.5 5.23 0.74
4 Untreated 10 4.7 12.444 0.95
5 Untreated 10 8.4 8.3911 0.86
6 Untreated 10 11.2 6.56 0.76
and hardener as 8.523 g and, after 24 hours, the final 
absorption was found to be 0.001g higher. The com-
posite was then placed in water with varying different 
percentages of fiber matrix. The initial weight of the 
sample was noted and, after 24 hours, it was found to 
be increased at an average rate of 0.04 % owing to the 
hydrophilic nature of fibers. Micro cracks and pores 
found in the composites were seen as the cause for the 
increase in the weight of the sample.
The samples with no natural fibres having very 
low water absorption followed by samples with 
chemically treated natural fibres and untreated 
natural fibres exhibited maximum water absorption. 
Specimens with chemically treated fibres exhibited 
lower water absorption than those fabricated using 
untreated fibres as a result of surface of natural fibres 
getting modified by alkaline treatment which aids in 
good interface bonding between matrix and fibre. The 
treated Moringa fiber specimen exhibited increases in 
water absorption as the volume of untreated Moringa 
fiber in the composite. Prakash et al have also reported 
on the water absorption of the composites increases at 
higher filler particles content, although there was not 
much difference in water absorption between com-
posites with banana filled basalt fiber composite have 
exhibit increases water absorption as the volume of 
banana fiber in the composite is more than that of 
bagasse filled composites. [17].
3.6 Failure Analysis using SEM
The following failures were identified From 
the SEM images: (a) fiber crack, (b) crack propa-
gation, (c) fiber debonding, (d) matrix crack and 
fiber breakage, (e) fiber pullout, (f) porosity, (g) 
Matrix crack and fiber failure, (h) Fiber breakage 
and fiber crack From wear and Mechanical prop-
erties (Tensile, Flexural and Impact) test result, 
the material absorbs the energy through plastic 
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deformation, and it could be observed from the 
formation of crack surface by failure mechanism. 
Fig.11 shows typical depression zone as a result of 
the reinforcement of treated MOPF in the polymer 
composite shows improved mechanical properties 
as reflected in the fiber failure of the depressed zone 
when compared to untreated MOPF polymer com-
posite. Intra layer failures, on matrix cracking, have 
been identified from the SEM images.
CONCLUSIONS
The treated and untreated MOPF polymer com-
posites were fabricated and the materials were sub-
jected to wear, mechanical (Tensile, flexural, impact) 
and water absorption testing. Based on the test results, 
the following conclusions have been made. 
• The chemical treated MOPF polymer composite 
material shows the maximum tensile strength 
of 16.40 MPa with 30 vol. % and the untreated 
was the achievement of 13.37 MPa.
• The chemical treated MOPF polymer com-
posites material show the achievement of 
maximum flexural strength of 61.05 MPa with 
30 vol. % and the untreated was 33.47 MPa.
• The maximum impact strength of the chemical 
treated MOPF polymer composite obtained 0.85 
J with 30 vol. % and the untreated was 0.76 J. 
• Chemically treated MOPF polymer compos-
ites show the maximum specific wear rate of 
5.23×103 (mm3/Nm) with 30 vol. % and the 
untreated was 6.56 ×103 (mm3/Nm).
• Chemically treated MOPF polymer compos-
ite exhibited as of 0.012 % resistance to water 
absorption as the capillary flow into the flaws 
at interface as reduced when compared to 
untreated MOPF polymer composite.
• The microstructural analysis of SEM image 
suggested the fractured surfaces having internal 
cracks and interfacial properties observed from 
the tested composites.
• Fabrication of treated MOPF polymer compos-
ite has better mechanical strength and water 
absorption compared with untreated MOPF 
polymer composite and it can be used in pack-
aging applications.















Wdry (g) Wwet (g) ∆W (%) Wdry (g) Wwet (g) ∆W 
(%)
8.523 8.524 0.011
10 10.9 11.24 0.031 7.9 8.12 0.027
20 11.73 12.42 0.059 9.67 10.08 0.042
30 16.25 17.34 0.067 12.46 13.14 0.054
Table 6: Comparison of Water Absorption Properties of the Composites
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Fig 11. SEM image of fractured surfaces of tested composites
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